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Cyclic  Vol tammetric  Investigation  of  Disilenes 
Brian  0.  SHEPHERD  and  Robert  WEST* 
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Three  te t raa ry 1 di s i 1  ones  and  two  di a  1 ky 1 d i ary  1 di s i lenes  were  in 
vestigated  by  cyclic  voltammetry,  all  undergoing  irreversible  oxida¬ 
tion  and  reduction.  The  oxidation  potentials  were  similar  for  all 
five  compounds ,  but  the  redaction  potentials  were  lower  foi  the  lelra 
aryl  disilenes  than  for  the  dialkyldiarvldisilenes. 


The  electronic  properties  of  disilenes  are  not  well  understood.  Their  photo 
electron  spectra  have  not  been  reported  and  uv  visible  spectroscopy  provides  only 
limited  i n format  ion . 1 )  Silicon  29  shielding  anisotropy  measurements  have  provided 
some  knowledge  of  the  electronic  structure  of  the  s i 1 i con - s i 1 i con  double  bond, 2) 
and  Weidenbruch  and  coworkers  have  reported  ESR  spectra  assigned  to  disilenc 
anion  -  radicals  obtained  i  ndi  rcct  1  y ^  We  have  used  cyclic  voltammetry  (CV)  as 
an  experimental  method  to  gain  further  insight  into  the  molecular  orbital  patterns 
of  d i s i  lenes  . 

The  isolable  disilenes  investigated  were  prepared  by  dimerization  of  the 
silylene  generated  from  photolysis  of  the  corresponding  t r i s i 1 ane . & » ? )  They  are 
listed  in  Table  1  with  their  oxidation  and  reduction  peak  potentials.  A  typical 
voltammogram  is  shown  in  Fig.  1;  all  the  disilenes  exhibited  similarly  shaped 
waves . ® ) 

The  disilenes  li  undergo  irreversible  oxidation  and  reduction  in  tetrahydro- 
furan  at  room  temperature.^  The  oxidation  potentials  for  all  five  compounds  are 
similar  (Table  1),  indicating  that  the  highest  occupied  molecular  orbital  (HOMO) 
of  each  species  lies  at  approximately  the  same  energy  level.  The  reduction  poten¬ 
tials,  however,  depend  on  the  substitution  pattern.  The  te traaryldi s i lenes  J.-3 
are  reduced  at  -2.0  to  -2.2  V,  whereas  the  di  a  1  ky  1  di  a  ry  1  derivatives  A  and  Jj 
undergo  reduction  at  about  2.6  V  (Table  1).  These  results  indicate  that  the  low¬ 
est  unoccupied  molecular  orbital  (I.1JM0)  of  te t raary  1  di s i  1  enes  is  lower  in  energy 
than  the  LUMO  of  di a  1 ky 1 di ary Idi s i 1 enes . 

In  the  solid  state  structure  of  both  dialkyldi aryldisi lenes  4**)  and  £,12)  the 
mesityl  rings  are  essentially  orthogonal  to  the  silicon-silicon  double  bond. 

This  conformation  allows  littfe  pi  -  con jugation  between  the  aromatic  substituents 
and  the  double  bond.  In  the  solid  state  structure  of  the  tetraaryl  derivative  1, 
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Fig.  1.  Cyclic  vol  t  ammo  gram  far  disilene  1- 


Table  1.  Peak  Potentials  of  Disilenes  from  Cyclic  Voltammetry 


1  MesD;  MesD'  *0.38  2. 1  2 

2  Xyic)  Xyic)  *0.47  -2.03 

3  Tbpd)  Tbpd^  *0.48  -2.20 

4  Mesb)  t-Bu  +0.54  2.66 

3  Mesb)  Ade  )  +0.36  -2.64 

a)  Potentials  are  the  average  of  two  or  three  scans  acquired  on  different  days  and 
were  measured  versus  SCE  at  room  temperature  in  THF  containing  0.1  M  f MBU4 I  * f PFj | ' 
at  a  platinum  disk  electrode  (0.28  cm2)  with  a  scan  rate  of  200  mV/s.  The  ferro- 
cene/ferrocinium  ion  couple  was  measured  at  +0.61V  in  this  system. 

b)  Mes  =  2,4,6-trimethylphenyl . 

c)  Xyl  =  2,4-dimethylphenyl . 

d)  Tbp  =  4  iext- buty 1  -  2 , 6 -  dime thy  1  pheny 1 . 

e)  Ad  =  1 -adamantyl . 


however,  two  of  the  aromatic  rings  are  nearly  coplanar  with  the  double  bond  so  pi- 
conjugation  is  possible. b)  With  the  assumption  that  the  major  conformer  in  solu 
tion  is  similar  to  that  observed  in  the  solid  state,  we  offer  the  MO  diagrams 
shown  in  Fig.  2  as  a  description  of  orbital  organization  in  disilenes.  In  the  di- 
alkyldiaryldisilenes,  orbital  mixing  between  disilene  v  or  x*  orbitals  and  those 
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TETRAARYL  aromatic  diaryuh  alkyl  aromatic 
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Fig.  2.  MO  diagrams  for  ary  1  -  subs t i tuted  disilenes. 


/• 

of  the  aromatic  rings  is  precluded  by  the  orthogonality  of  the  pi  -  systems .  In  the 
tetraaryldisi lenes ,  interaction  between  the  filled  disilene  and  ring  it  orbitals  is 
also  slight,  presumably  because  the  energy  difference  between  these  orbitals  is 
large.  However,  significant  mixing  of  the  disilene  and  aromatic  ring  x*  orbitals 
does  occur  in  the  te t raary ldi s i 1 enes ,  lowering  the  energy  of  the  resulting  IUMO. 

Research  was  sponsored  by  the  Air  Force  Office  of  Scientific  Research,  Air 
Force  Systems  Command,  USAF  under  Contract  No.  F496Z0  86-0010  and  National  Science 
Foundation  Grant  No.  CHE  -  8 3 1 8820  -  02 .  The  United  States  Government  is  authorized 
to  reproduce  and  distribute  reprints  for  governmental  purposes  notwithstanding  any 
copyright  notation  thereon. 
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